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Abstract. The flavour-changing quark-Higgs coupling does not arise at the tree level in the Standard Model. It is, 
however, induced by one-loop effects. In this paper, we present an exact calculation of the Higgs-penguin vertex in the 
‘tHooft-Feynman gauge. Renormalization of the vertex is effected by a prescription by Chia and Chong which gives an 
expression for the counter term identical to that obtained by employing Ward-Takahashi identity. The on-shell vertex 
function for the Higgs-penguin vertex is obtained, and its dependence on Higgs mass is investigated. Our calculation is 
applied to the following process: decays of Higgs boson into pseudoscalar meson pair of different flavours: K and BK. 
The coupling of pseudoscalar meson to quark is effected through a 5 coupling. The decay rates are found to be very 
small. 
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INTRODUCTION 
The Higgs boson plays an essential role in the spontaneous breaking of SU(2)xU(1) symmetry in the Standard 
Model (SM). Its existence is, however, elusive until recently. In July 2012 CERN announced the discovery of a 
‘Higgs-like’ particle by two experimental groups: ATLAS [1] and CMS [2]. The Higgs boson is the last missing 
piece of puzzle for the SM. The confirmation of its existence will help to establish the SM as the ‘true theory’ of 
elementary particles. 
One of the salient features of the SM is the neutral flavour-changing transition processes, the ‘penguin’ 
processes. Such processes do not occur at the tree level. It occurs, however, at the one-loop level which involves an 
internal W boson and a quark lines. The neutral change of flavour comes about because the coupling of W boson to 
the quark involves the CKM matrix, which mixes quarks from different generations. A penguin diagram therefore 
couples to quarks of different flavours, but of the same charge. The penguin diagram may be mediated by the gluon 
(gluon-penguin), the photon (photon-penguin), the Z
0
 boson (Z-penguin), or the Higgs boson (Higgs-penguin) [3-
22]. The Higgs-penguin differs from the other penguins in that the Higgs boson is scalar, whereas all others 
mediatory bosons are vector. 
In this paper, we shall present the calculation of the Higgs-penguin, and obtain the on-shell vertex function for 
the Higgs-penguin. The result is then applied to processes of types:        and       . 
 
HIGGS-PENGUIN VERTEX FUNCTION 
The calculation of Higgs-penguin is performed in the ‘tHooft-Feynman gauge, which necessitates the introduction of 
the unphysical charged Higgs  in addition to the W boson. Fig. 1 shows all the diagrams required in the calculation. 
Diagrams (a) to (d) are those with the Higgs boson couples to the W boson or the unphysical charged . Diagrams 
(e) and (f) are with the Higgs boson couples directly to the quarks. The vertex function calculated from diagrams (a) 
to (f) is divergent, which can be eliminated by using a renormalization scheme proposed by Chia and Chong [16, 
23]. This renormalization scheme introduces four one-particle reducible diagrams as shown in Fig. 1 (g) to (j). It is 
easily demonstrated that the counter term as calculated from the renormalization scheme above removes the 
divergence and yields a result identical to that would be obtained by using Ward-Takahashi Identity [24].  
The proper vertex function is obtained by summing the contributions from all the diagrams in Fig. 1. Putting the 
external quark lines on shell, we arrive at the following expression for the on-shell vertex function: 
             
   
      
                       (1) 
where       
    , m1 and m2 are the external quark masses, and Bj is the Higgs-penguin vertex function given by 
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FIGURE 1.  Fenyman diagrams employed in the calculation of Higgs-penguin vertex function. Diagrams (c) to (f) are diagrams 
with unphysical charged Higgs, and diagrams (g) to (j) are the one-particle reducible diagrams needed to remove the divergence. 
 
In the expression in Eqs. (1) to (4), we have neglected the external quark masses in order to simplify the 
calculation. The salient feature of the vertex function does not change significantly by this approximation. As is 
obvious from Eqs. (3) and (4), the vertex function depends on the parameter k
2
. Upon examining closely the integral 
in Eq. (1), it is easily shown that Bj develops an imaginary part whenever k
2
 > (2mj)
2
 or (2MW)
2
. As we are interested 
in the decay of Higgs boson, k
2
 = MH
2
. At MH = 126 GeV, Bj takes on the following values: 
   Bu = 7.702E-1 +i8.532E-9 
   Bc = 7.706E-1 +i8.722E-9 
   Bt = 9.588           (5) 
It is noted that the integration in Eq. (1) at this value of k
2 
does not cross the threshold for MW and mt.  
 
DECAY RATE FOR       
We first consider the decay of Higgs boson into quark-antiquark pair of different flavours. To obtain the decay rate 
for       , we integrate over the phase space. This yields 
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where  
           
 
   
    
    
    
       
   
        (7) 
        
        
  
   
    
   
  
 
 
   
    
     
    
    
          (8) 
                
 
           (9) 
The calculation of kinetic factor      is straightforward. To calculate the dynamic factor     , we need good 
estimates for the CKM matrix elements, including their relative phases. Fortunately these are available. The 
magnitudes of the CKM matrix elements are [25]  
        
                    
                   
                  
 .         (10) 
The relative phases can be obtained by making use of the unitary relation     
         . With the knowledge of 
the CKM matrix elements, the product of CKM matrix elements,   , can be calculated. Its values are as shown in 
Table 1 for the different processes. 
 
TABLE 1.  Product of CKM matrix elements    
Process u c t 
      0.2140 -0.2192 –i2.608E-4 -1.940E-4 +i2.608E-4 
      -1.666E-3 +i3.404E-3 9.338E-3 -7.672E-3 –i3.404E-3 
     1.590E-5 +i8.759E-4 -3.869E-2 –i8.759E-4 3.867E-2 
 
Table 2 displays the values of the kinetic factor     , the dynamic factor      and the decay rate  calculated for 
three processes considered. 
 
TABLE 2.  Table of     ,                         for the different processes 
Process            ((GeV) 
      2.205E-5 4.216E-4 7.185E-17 
      5.256E-2 4.576E-3 1.859E-12 
     5.258E-2 1.163E-1 4.725E-11 
 
DECAY RATE FOR        
We next consider the decay of Higgs boson into a pair of pseudoscalar mesons with different flavours. To achieve 
this we have to connect the Higgs penguin vertex to the external meson states. Here we make the simplifying 
assumption that the pseudoscalar meson couples to quark-antiquark pair through a 5 coupling [26]. The process 
       therefore proceed through the loop diagram as shown in Fig.2. The loop diagram yields the following 
decay amplitude: 
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Here k is the momentum of the H, P1 is the momentum of M1, and g1 and g2 are the coupling constants at the M1-
quark and the M2-quark vertices respectively. The integration over the internal momentum q1 is logarithmically 
divergent. We introduce a cut-off momentum Λ to tame the divergence. Assuming Λ to be large compared to all the 
masses involved in the integration gives 
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FIGURE 2.  Diagram for the decay of Higgs boson into a pair of pseudoscalar mesons with different flavours. 
 
The decay rate  is then obtained by integrating over the phase space of     . After some algebra, the following 
expression for the decay rate is obtained: 
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In the above expression, the dynamic factor is the same as in Eq. (9). The kinetic factor, however, takes on a 
different expression: 
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where  
            
 
   
    
    
    
       
   
        (15) 
The calculation is now applied to the following two decay modes of H:  
(a)        
(b)        
The values of the parameter        
     in Eq. (13) are taken from the earlier fit to the rare decays of K and B 
mesons [26], as given in Table 3.  
 
TABLE 3.  Values of         
     as obtained from fit to the rare decays of K and B mesons 
Process        
     
        86.20 
        85.44 
 
Using these values of         
    , the decay rates for the decay rates of the Higgs boson are as given in Table 4. 
 
TABLE 4.  Table of     ,                         for the different meson processes 
Process            ((GeV) 
       4.750E-11 4.216E-4 4.611E-23 
       2.861E-4 1.163E-1 7.527E-14 
 
CONCLUSION 
We have calculated the Higgs-penguin vertex in the ‘tHooft-Feynman gauge. The divergence is cured by utilizing a 
renormalization scheme developed earlier by Chia and Chong. The on-shell vertex function is obtained for the decay 
of Higgs boson into quark-antiquark pair of different flavours.       . The decay rate is found to be 7.185E-17 
GeV, 1.859E-12 GeV and 4.725E-11 GeV respectively for the processes      ,      and      . 
The Higgs-penguin vertex is applied to the hadronic process of type       . The pseudoscalar meson is 
assumed to couple to the quark through a    coupling. The resultant triangle diagram gives rise to a divergence 
which is tamed by introducing a cut-off momentum . The couplings of quark to mesons    and    are denoted 
respectively by    and   . The combinatory parameter        
     has been determined in an earlier fit to rare 
decays of K and B mesons. Using the values of        
     determined, the decay rate is found to be 4.611E-23 
GeV and 7.527E-14 GeV respectively for the processes        and       . 
The decay rates for Higgs boson into pair of pseudoscalar mesons with different flavours are very small. 
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